ABSTRACT -This work was carried out with the objective of evaluating the growth and development of honey weed (Leonurus sibiricus) based on days or thermal units (growing degree days). Thus, two independent trials were developed to quantify the phenological development and total dry mass accumulation in increasing or decreasing photoperiod conditions. Considering only one growing season, honey weed phenological development was perfectly fit to day scale or growing degree days, but with no equivalence between seasons, with the plants developing faster at increasing photoperiods, and flowering 100 days after seeding. Even day-time scale or thermal units were not able to estimate general honey weed phenology during the different seasons of the year. In any growing condition, honey weed plants were able to accumulate a total dry mass of over 50 g per plant. Dry mass accumulation was adequately fit to the growing degree days, with highlights to a base temperature of 10 o C. Therefore, a higher environmental influence on species phenology and a lower environmental influence on growth (dry mass) were observed, showing thereby that other variables, such as the photoperiod, may potentially complement the mathematical models.
INTRODUCTION
Weeds are one of the main biotic components of the agroecosystem that are able to negatively interfere in crops. The negative effects caused by these plants manifest on the agricultural production quantity and quality, as a consequence of the competition for the growth resources offered by the environment, of the allelopathy, or for being the host of pests and diseases. Lorenzi (2006) estimates that, in Brazil, the agricultural losses caused by the interference of weeds total approx. 20-30%.
Thus, knowing the biological characteristics of weeds is an advantage when deciding how and when chemical intervention should be used. The development of plants is related with several phenological stages, presenting greater or limited sensibility to the application of herbicides (Dias et al., 2013) . After having emerged, these plants quickly dominate the environment, either by the development of a vigorous root system or by taking over the available space with the greatest light interception (Horak & Loughin, 2000; Carvalho et al., 2008) . The post emergence control will become more difficult and the competition damage will be larger whenever they are better established in the environment, or the root system is strong, and even when the number of leaves is large.
Among the most common weed plants found in agricultural areas, especially in coffee plantations, the honey weed (Leonurus sibiricus) stands out (Ferreira et al., 2011) . It belongs to the Lamiaceae family, and it is annual or biannual, upward, aromatic, ramified, herbaceous, or sub shrubby, 40-120 cm high, with propagation by seeds (Lorenzi, 2000) . The Lamiaceae family comes mainly from countries of the Mediterranean and Middle East and consists of approx. 200 kinds and 3,200 species. In Brazil, it is found in virtually all regions (Kissmann & Groth, 2000) . The Leonurus genus also includes several representatives of therapeutic use (Duarte & Ferreira Lopes, 2005) .
Regarding the competition, Ronchi et al. (2003) observed that the honey weed and other species of weeds caused a loss in the nutrient content of coffee plants, even in lower densities. Besides the interspecific competition, between coffee and honey weed, there is also the intraspecific competition, between individuals of the weed species (Ronchi et al., 2003) . Ferreira et al. (2011) noted that, in the second year of transition to organic coffee, honey weed was the most prevalent farming species, with a high relative density and abundance.
In this sense, studies about the growth and development of weeds provide information about different phenological stages and vegetal growth standards. These results enable the behavior analysis of plants regarding ecological factors, as well their action over the environment, mainly regarding their interference with other plants, which may contribute to the development of integrated management systems (Lucchesi, 1984; Bianco et al., 1995) .
Even though the importance of studies that evaluate the biology of weed plants is recognized, rather few studies discuss the growth and development of these species, and even fewer are based on accumulated growing degree days (thermal units). The prediction of different phenological aspects of crops, weeds, and other pests with simple thermal equations is an excellent tool to provide practical solutions to crop problems (Ghersa & Holt, 1995) . Thus, this study evaluated the growth and development of honey weed (Leonurus sibiricus) based on days or thermal units (growing degree days). 55' W; 850 m of altitude). In each trial, the growth and development of honey weed (Lonurus sibiricus) was evaluated. The first trial was developed between August and December 2012 (increasing photoperiod), and the second trial between February and July 2013 (decreasing photoperiod). The L. sibiricus seedlings were collected in agricultural and nonagricultural areas in the municipality of Machado. Later, the seeds were stored in paper bags, in a dry location, at ambient temperature until the beginning of the study.
MATERIALS AND METHODS

Two
The sowing was made in plastic pots with a 4 L capacity and filled with commercial substratum (Pinus skin + peat + vermiculite). After that, at the four-leaf stage, seedlings were relocated to the trial phase, also constituted by 4 L plastic pots, with a final density of one plant per pot. In this phase, pots were filled with a proportion of commercial substratum Growth and development of honey weed based on days ... and vermiculite (3:1; v:v) with the addition of complete commercial fertilizer. In addition to this, around 30 days after the relocation, there was a cover of fertilization with 630 mg of N and 720 mg of S, when stages 32 and 25 were identified (Hess et al., 1997) , for the first and second trials, respectively. The pots were irrigated as needed and, therefore, there was no dehydration.
After the seedlings' emergence, the phenology evaluation was conducted for the whole population, every three days, using the scale proposed by Hess et al. (1997) . The phenological stage was defined when a certain development characteristic was found in 50% + 1 of the total remaining plants. In both trials, the experimental design that was used was randomized selection, with nine treatments (growth evaluations) and three replications. For each dry mass evaluation, three replications were randomly sampled by the destructive method and were washed in running water, so that the remaining substratum could be removed from the roots; following that, the material was dried in a greenhouse at 70 o C for 72 hours. After the drying process, the total dry mass of the plants (g per plant) was measured.
The trials were analyzed independently by means of the test F in the variance analysis. The phenological data of honey weed were adjusted to the counting period of days or thermal units (growing degree day -GD), by the linear regression model y = a x, where y is related with the honey weed development in accordance with the phenological scale (Hess et al., 1997) , x refers to the scale used and a is the model parameter. In practice, the parameter a of this equation may be considered as the caloric units percentage effectively converted to units of vegetal phenology, enabling the calculation of the plants' development speed at a certain time of the year or on the sowing date.
To calculate the daily thermal units, the equation of Gilmore Jr. & Rogers (1958) was used:
where: Tmax is the maximum daily temperature; Tmin is the minimum daily temperature; and Tb is the base temperature, evaluated at 10 or 15 o C. the maximum and minimum daily temperatures were obtained at the weather station installed at campus Machado and were made available by the National Institute for Space Research -INPE (Figure 1 ).
The total dry mass was analyzed by means of nonlinear logistic regressions, also based on days or thermal units. The model proposed by Streibig (1988) 
RESULTS AND DISCUSSION
Due to the events that may occur during vegetal development, there is a need to adopt numerical scales to define the levels for these periods. Traditionally, days have been used to count this time cycle; however, it is a variable that is subject to environmental interference that is indirectly expressed in the phenology. Thus, the temperature has been considered as the most important climate element to foresee physiological events, provided that there is no dehydration (Russelle et al., 1984; Gadioli et al., 2000) .
The growing degree day method is based on the premise that a plant needs a given amount of energy, represented by the sum of thermal degrees needed for a certain phenological phase or even the full cycle to complete. It also admits a linear relationship between the temperature increase and the vegetal development (Gadioli et al., 2000) . Therefore, it is possible to use mathematical models and simulations that adopt the concept of accumulated growing degree days (Medeiros et al., 2000) .
In this sense, there was an adequate adjustment of the honey weed's phenological development to the different scales used, in accumulated days or thermal units (GD), by means of the first degree linear equation, with determination coefficients always higher than 90% (Table 1) . No scale for the experiments developed in 2012 and 2013 was able to identify the confidence intervals overlap of parameter a of the equation, in increasing and decreasing photoperiod conditions. For any time scale, the value a obtained for the Growth and development of honey weed based on days ... increasing photoperiod condition was higher than the one obtained for the decreasing photoperiod. That is, in increasing photoperiod condition, there was a larger conversion of the photosynthetically active temperature or radiation in the development stages, reaching a faster blooming and aging process. This conclusion indicates a different vegetal development (phenology) at different times of the year, when adjusted to the calculation in days or GD, considering Tb = 10 or 15 o C (Figure 2 ).
The base temperature -Tb is the minimum temperature for the growth of a certain species; any temperature under this will cause the growth to stop or suffer drastic reduction. The reference studies consider Tb = 0 o C for weed plants and moderate climate crops, such as barley (Hordeum vulgare) and wheat (Triticum aestivum) (Cao & Moss, 1989; Kirkby, 1995) . Regarding sunflower (Helianthus annuus), Granier & Tardieu (1998) For redroot pigweed (Amaranthus retroflexus), a species whose photosynthetic cycle type is C 4 , Gramig & Stoltenberg (2007) registered Tb = 8.5. Base temperatures around 10 o C have been registered for bean plant (Medeiros et al., 2000) , corn (Gadioli et al., 2000) and switch grass Panicum virgatum (Sanderson & Wolf, 1995 an experiment conducted with a decreasing photoperiod (January-July/2011). Therefore, considering the phenological development in the proposed scales and data consistency (Table 1) , and considering the fact that honey weed is dicotyledonous with photosynthetic cycle type C 3 and it is classified as an annual or biannual weed plant, the adequate base temperature, for future studies, is Tb = 10 o C.
The ability to foresee the phenological stages of weed plants, such as blooming, development, and seed dispersal may be helpful for the creation of management measures (Ghersa & Holt, 1995) . In addition, the growth characteristics of a certain species are indicative of their competitive ability (Holt & Orkutt, 1991) . In an increasing photoperiod condition, the species blooming occurred 100 days after the sowing, with 1.079 or 569 GD, for Tb = 10 or 15 o C, respectively. In a decreasing photoperiod condition, 139 after the sowing there was only pre-blooming, with 1,401 or 691 GD, for Tb = 10 or 15 o C, respectively. It is possible to register, therefore, an adequate time between the emergence and blooming so that management measures can be taken before the seeds' dispersal.
Again, the differential phenological development of the species is characterized in different development conditions, whose blooming occurred more quickly in an increasing photoperiod condition. Coincidently, in 2013, the sowed plants were induced to blooming after the winter solstice (June), defining the beginning of an increase in the daily hours of insolation. At the moment of the solstice, the phenology identified was 37; days after, on 7/3/2013, there was a pre-blooming. Even after a few days, this may be a strong indication of plant blooming boost whenever there is an occurrence of several days with increasing insolation. It is important to note that, among the ecological factors, the temperature effect is prominent and may affect the growth and productivity of different species of plants (McLanchlan et al., 1993; Guo & Al-Khatib, 2003) ; however, the photoperiod effect may be crucial to the acceleration or slowing down of the plants' blooming.
The use of growth analyses is one of the easiest and more precise ways to infer the contribution of different physiological processes to the vegetal growth, enabling the acquaintance with the dynamics of plants' biomass production, distribution, and efficiency throughout the life cycle (Benincasa, 2004) . In this sense, the total dry mass production is seen as a basic process of vegetal growth (Radosevich et al., 1997) .
The total dry mass data were properly adjusted to the logistical model, with determination coefficients higher than 98% (Table 2) . A slow initial growth was identified for the species, with later exponential accumulation of dry mass after 45 days, with maximum values higher than 50 g per plant (Figure 3 ). Among the time scales used, a greater overlapping of curves was observed with the use of Tb = 10 o C ( Figure 3) ; in this case, the adjustment was recalculated, using Growth and development of honey weed based on days ... the occurrence of exponential growth stage after 700 GD; and the blooming around 1,400 GD (Figure 4 ).
The flow and length of the photosynthetically active radiation, the availability of nutrients and water, the loss of photosynthetic tissue and, without a doubt, the photoperiod may also affect the vegetal growth and development (Russelle et al., 1984; Gramig & Stoltenberg, 2007) . The thorough analysis of the data enables the assumption that neither days nor thermal units, by means of GD, were adequate to estimate the general phenology of honey weed during all four seasons of the year (Figure 2) . The most rapid development of the species took place during the increasing photoperiod, with blooming 100 days after sowing. On the other hand, the weight accumulation could be adjusted to thermal units, Tb = 10 o C (Figure 4 ). Therefore, it is possible to note a major environmental influence on the species' phenology and a minor influence on the growth (weight accumulation), where other variables may, potentially, complement the mathematical models. Campus Machado for the financial support of this study, and especially for the scientific both of the growth conditions simultaneously (Table 2; Figure 4) . Thus, again, Tb = 10 o C for Leonurus sibiricus was properly used, considering the consistency of the adjustments obtained (Tables 1 and 2; Figure 3) , as well as the characteristics related with the species biology. For the dry mass variable, analyzing both trials, with Tb = 10 o C, it is possible to highlight the capacity of the species to accumulate weight, higher than 50 g per plant; 
